Background: Health risk behaviours such as smoking, physical inactivity and poor diet are independently associated with depression. However, there is a paucity of data examining associations between combined healthy behaviours and mental distress and depression. Methods: Using cross-sectional data from a nationwide population-based sample of adults in Germany [German Health Update (GEDA) 2009 and 2010 telephone surveys; n = 21 940 women, n = 17 061 men], we examined associations between five healthy behaviours and frequent mental distress (FMD) and self-reported diagnosed depression in the past 12 months. Healthy behaviours included non-smoking, low-risk alcohol drinking, regular sport, maintaining normal weight and healthy fruit and vegetable consumption. Multiple logistic regression analyses adjusted for potential confounders examined associations between the combined number of healthy behaviours and FMD and self-reported diagnosed depression. Results: FMD was reported by 13.6 and 8.0% and diagnosed depression in the last 12 months by 8.3 and 4.7% of women and men, respectively. At least four of five assessed healthy behaviours were reported by 29.1% of women and 17.8% of men. Compared with those with less than two healthy behaviours, women and men with at least four behaviours were about half as likely to report FMD [odds ratio (OR) 0.53, 95% confidence interval (CI) 0. and OR 0.52, respectively) and women with at least four behaviours were less likely to report diagnosed depression (OR 0.76, 95% CI 0.61-0.95). Conclusion: A higher number of healthy behaviours are associated with a lower prevalence of FMD for both women and men and of self-reported diagnosed depression in women.
Introduction

M
ental health disorders are a major cause of illness-related impairment and disability worldwide. 1 The high prevalence of mental health disorders in society and the magnitude of their human, social and economic costs have led to the promotion of mental health as a key priority for public health policy in Europe. 2 Mental and physical health are interconnected and impact on each other. 3 For example, reciprocity between depression and cardiovascular disease is well documented. 4 Similarly, bidirectional relationships between cardiometabolic risk factors such as diabetes 5 and obesity 6 occur with depression. Health behaviours are integral to non-communicable diseases and their risk factors. Healthy diet and regular physical activity have been identified as key protective factors, not only for cardiovascular disease 7 but also for mental health. 8, 9 Collectively, dietary risk factors and physical inactivity account for 10% of global disease burden 10 and together with smoking and obesity have significant associations with mental disorders. 3, 11 The combined influence of multiple health behaviours, such as smoking, diet, physical activity, alcohol consumption and obesity, is increasingly being used to investigate relationships between lifestyle and health, chronic disease and mortality. [12] [13] [14] In a systematic review and meta-analysis involving 21 studies comprising 531 804 participants and average follow-up of 13 years, a combination of at least four of these healthy lifestyle behaviours was associated with a 66% reduction in all-cause mortality. 12 Using population-based cohorts, investigators have described the relative risk reduction for major chronic diseases such as cardiovascular disease, diabetes and cancer from combined healthy behaviours. 15 However, few studies have focussed on the relationship between combined lifestyle behaviours and mental health. 16 Using data from national health surveys of adults in Germany, 17 we examined associations between a combination of five healthy lifestyle behaviours and mental health. Specifically, we investigated non-smoking, low-risk alcohol drinking, regular sport, maintaining normal weight and healthy fruit and vegetable consumption and their combined association with frequent mental distress (FMD) and self-reported diagnosed depression. We hypothesised that a greater adherence to these healthy behaviours is associated with better mental health.
Methods
Study design and sample
The German Health Update [Gesundheit in Deutschland Aktuell (GEDA)] is a large cross-sectional nationally representative telephone survey periodically conducted by the Robert Koch Institute. 17 The study forms part of the continuous health monitoring of the non-institutionalised adult population in Germany and includes women and men aged ! 18 years. 18 For this study, we used data from two consecutive waves Data collection methods were identical for both waves. Household telephone numbers were selected using an equal inclusion probabilities method, equivalent to random digit dialing. 19 Briefly described, a two-stage sampling process was used. For each GEDA wave, a pool of >215 000 household telephone numbers was randomly generated. Second, the 'last-birthday-method' was used to select individuals in the target sample, i.e. the adult household member whose birthday most closely preceded the initial contact date for interview. 19, 20 In GEDA 2009, 21 262 people (12 114 women, 9148 men) completed the survey. A cooperation rate of 51.2% was calculated from contact with known respondents refusing to participate. 20 In GEDA 2010, 22 050 people (12 438 women, 9567 men) completed the survey and the cooperation rate was 55.8%. 21 Specially trained staff members conducted standardized structured computer-assisted telephone interviews (mean duration $30 min) in the German language. The study was approved by The Federal Commissioner for Data Protection and Freedom of Information. Verbal informed consent was provided by all participants before the interview.
GEDA focuses on various health domains including health status, mental health, health behaviours, chronic diseases and health-care utilization. The present study was restricted to participants providing information on mental health and healthy behaviour items and having data available on all covariables.
Mental health
Two mental health indicators related to (i) FMD and (ii) diagnosed depression within the last 12 months were included in GEDA 2009 and 2010. To assess FMD, the validated subscale from the Centers for Disease Control and Prevention (CDC) health-related quality of life (HRQOL-4) measure 22, 23 was used. The HRQOL-4 has been translated into the German language. As part of this measure, the number of mentally unhealthy days during the last month was assessed with the question 'Now thinking about your mental health, which includes stress, depression and problems with emotions, for how many days during the past 30 days was your mental health not good?' People reporting they experienced !14 mentally unhealthy days in the past 30 days were classified as reporting FMD. 22 To assess self-reported diagnosed depression participants were asked 'Have you ever been diagnosed with depression by a doctor or psychotherapist?' and if responding positively were asked 'Have you been diagnosed with depression in the last 12 months?' 17 Those reporting diagnosed depression in the previous 12 months were classified accordingly.
Healthy behaviours
Five factors pertaining to healthy behaviours were included for this study, using the following definitions. First, smoking status was defined based on responses to 'Are you currently smoking -even occasionally?' Response categories were 'yes, daily', 'yes, occasionally', 'no, I quit smoking' or 'no, I never smoked'. We dichotomised categories as currently smoking and non-smoking (including exsmokers) consistent with other studies. 13, 16 Second, alcohol consumption was measured using the validated German-language version 24 of the three question Alcohol Use Disorders Identification Test. 25 Consistent with previous cut points, we classified women and men with less than four and five points, respectively, on the 12-point scale as low-risk alcohol drinking and others as high-risk alcohol drinking. 26 Third, GEDA included standardized questions related to the frequency and duration of physical activity. One item was 'Did you engage in any sports activities in the past three months?' Response categories were 'no', 'yes, less than two hours/week', 'two to four hours/week' and 'more than four hours/week'. 17 Consistent with previous studies, 14 we classified those reporting !2 h per week as performing regular sports.
Fourth, respondents were asked to report their height and weight. Body mass index (BMI) was calculated using the standard formula (weight (kg)/[height (m)]
2 ), with 18.5 < 25 kg/m 2 classified as normal. 27 Fifth, healthy fruit and vegetable consumption was measured by self-report. Participants were asked how frequently they consumed fruit, vegetables and juice. An explanation of a portion was given on request. For juice, the portion unit was a 200-ml glass of pure (100%) juice. We classified healthy fruit and vegetable consumption as at least three portions of fruit and vegetables (including up to one glass of juice) per day, consistent with other studies 14 and evidence that increasing fruit and vegetable consumption decreases the risk of certain chronic diseases. 28, 29 Covariables Socio-demographic variables included age, sex, co-residence (defined as living with partner or not) and employment status (defined as currently employed or not). Socio-economic status (SES) was calculated using a multidimensional aggregated SES index commonly used in German health surveys incorporating education, occupation and net household income. 30 SES was classified as low, medium and high. Additionally, specific education level was measured according to the International Standard Classification of Educational Degrees (ISCED-97) and classified as low (ISCED categories 1-2), medium (ISCED 3B-4 A) and high (ISCED 5 A-5B). 31 Self-perceived levels of social support were assessed using the Oslo-3 Social Support Scale (OSS-3) with categories defined as poor (3-8 points), moderate (9-11 points) and strong support (12-14 points). 32 Limitations in everyday activities due to illness were assessed from a single survey item.
17,33
Statistical analysis
Differences in sample characteristics between women and men and between respondents with and without FMD or self-reported diagnosed depression were examined using one-way analysis of variance for age and chi-squared tests for all other variables. To investigate combined health behaviours, we used a co-occurrence analytical technique. 34 Participants scored one point for each healthy behaviour reported: non-smoking, low-risk alcohol drinking, regular sport, normal weight and healthy fruit and vegetable consumption. These were combined to produce a healthy behaviour score ranging from 0 (no healthy behaviours) to 5 (i.e. five healthy behaviours) consistent with others studies using similar methods. 12 Associations between sample characteristics and the combined number of healthy behaviours (range, 0-5) were examined with unadjusted logistic regression models. Multiple logistic regression analyses were then used to examine associations between the number of healthy behaviours and FMD and selfreported diagnosed depression in the last 12 months, adjusting for age, SES, education, current employment, social support, living with partner, limitations in everyday activities due to illness and year of GEDA interview. Because of the small number of individuals reporting no or all five healthy behaviours, we combined categories for some analyses consistent with other studies. 35 Because women and men differed in healthy behaviours, mental health indicators and most of the considered confounding factors, we tested for interaction between healthy behaviours and sex by adding multiplicative interaction terms to logistic regression models. Because there was evidence for an interaction with sex for both mental health indicators (P = 0.04), all analyses were performed separately for women and men.
As a popular 'Five a day campaign' recommending at least five servings of fruit and vegetables per day was adopted in Germany over a decade ago, 36 for comparative purposes, we performed an additional analysis using the cut-off of at least five portions of fruit and vegetables per day as used in other studies. 16, 37 To assure nationally representative data, sample weights were used for all analyses. These adjust for sampling probabilities and selective participation and correct sample deviations from the population structure (as of 31 December 2008) with regard to age, sex, residential region and level of education. 21 Therefore, figures presented are weighted population estimates. Analyses were conducted using survey procedures in Stata 13.1.
Results
Participant characteristics
The study consisted of 39 001 participants (21 940 women, 17 061 men) following exclusion of persons with missing data on mental health items (n = 1065), health behaviour items (n = 1630) and covariables (n = 1616). Table 1 shows participant characteristics by sex. Differences between women and men were found for all study variables except social support. Women reported healthy behaviours more often than men, particularly for healthy fruit and vegetable consumption, normal weight and low-risk alcohol drinking. Only in terms of physical activity was men's behaviour healthier. Women more frequently reported FMD and self-reported diagnosed depression in the previous 12 months.
Associations between healthy lifestyle behaviours and mental health Table 2 shows sample characteristics and healthy behaviours by mental health characteristics. For both men and women, no significant associations were found between age and FMD. High SES, educational level, social support and current employment were all associated with the absence of FMD for men and women. Healthy behaviours including non-smoking, regular sport and normal weight were significantly associated with the absence of FMD for both men and women. Lowrisk alcohol drinking was unrelated to FMD in men; however, a higher proportion of women reporting this behaviour reported FMD. Healthy fruit and vegetable consumption was unrelated to FMD in men; however, more women reporting this healthy behaviour had no FMD.
Older age was associated with self-reported diagnosed depression in the past 12 months for both men and women. Socio-demographic variables showed similar significant trends for men and women with self-reported diagnosed depression as for FMD. Healthy behaviours including non-smoking, regular sport and normal weight were associated with the absence of self-reported diagnosed depression for both men and women. In men, low-risk alcohol drinking was associated with self-reported diagnosed depression. Table 3 shows mental health and sample characteristics by the number of healthy lifestyle behaviours for men and women. With increasing numbers of healthy behaviours, men were more likely to be younger and both women and men were more likely to have high SES, high education level and strong social support. Participants with higher numbers of healthy behaviours less often reported FMD and self-reported diagnosed depression. Table 4 shows the multiple logistic regression analyses adjusted for potential confounders. In men and women, the odds ratio (OR) for FMD decreased with increasing number of healthy behaviours. Relative to those with less than two healthy behaviours, those with four or more healthy behaviours were almost half as likely to have FMD [OR 0.52, 95% confidence interval (CI) 0.41-0.66 for men; OR 0.53, 95% CI 0.44-0.64 for women]. Women adopting four or more healthy behaviours had reduced odds (OR 0.76, 95% CI 0.61-0.95) of self-reported diagnosed depression compared with those with less than two healthy behaviours. The additional analysis defining healthy fruit and vegetable consumption using a cut-off of at least five portions per day produced similar results for the adjusted associations between the number of healthy behaviours and FMD and self-reported diagnosed depression (see Supplementary Material).
Discussion
Among the non-institutionalized population of Germany, less than a quarter of adults reported four or more healthy behaviours. Compared with those who engage in less than two healthy behaviours, adopting four or more healthy behaviours was associated with less FMD for both women and men and less selfreported diagnosed depression in women.
Comparisons with other studies
Only 29.1% of women and 17.8% of men reported at least four of the five healthy behaviours examined in this study. These findings are consistent with reports that the minority of adults engage in multiple healthy lifestyle behaviours in large cohort studies in Europe, 15 ,38 Japan 39 and the USA, 40 albeit using various numbers of behaviours in indices.
Our findings that combined healthy behaviours are associated with better mental health are largely consistent with previous studies, particularly our results for women. 16, 37, 41 In relation to FMD, McGuire and colleagues 37 in the USA found older people (aged !65 years) without FMD were more likely to be nonsmokers, consume at least five fruits or vegetables daily and participate in moderate-to-vigorous physical activity than those without FMD. 37 Furthermore, they found people with FMD were less likely to engage in combinations of three or four healthy behaviours than those without FMD.
In relation to depression, in the Irish Survey of Lifestyle, Attitudes and Nutrition, the prevalence of depressive symptoms among people adopting no healthy behaviours was 2.7 times higher than those adopting four combined healthy behaviours (non-smoking, regular physical activity, moderate alcohol consumption and healthy fruit and vegetable intake). 16 Similarly, in a national cross-sectional survey in France, multiple health risk behaviours were found to co-occur in the general population and more frequently in those with depression symptoms. 41 Despite an alternate methodological approach involving cluster analysis techniques, a cumulative effect Figures are weighted population estimates expressed in per cent (95% CI), unless otherwise indicated. a: Self-reported diagnosed depression in the last 12 months. a: High educational status classified using ISCED. b: Strong social support classified using OSS-3. *P-values resulting from one-way analysis of variance for age and chi-squared tests for all other variables.
of health behaviours was observed, with a greater likelihood of depression symptoms with more unhealthy behaviours, indicating a dose-response relationship 41 consistent with our findings for FMD and for women with self-reported diagnosed depression. In contrast, we found no association between combined healthy behaviours and self-reported diagnosed depression in men. Future research investigating combined and individual healthy behaviours may require greater consideration of sex.
The common presence of unhealthy behaviours and increased mental health impairment has implications for developing public health approaches and health services to promote mental health and encouraging healthy lifestyles. Associations between a healthier lifestyle and better mental health suggest that healthrelated behaviour management should be integrated into the prevention and aftercare of mental disorders and, equally, mental health should be taken into account when promoting a healthy lifestyle.
Strength and limitations
GEDA 2009 and 2010 are large standardized cross-sectional surveys providing a nationally representative sample of non-institutionalized adults in Germany and cover a wide age range. However, these surveys had relatively low, although acceptable, cooperation rates, a limitation frequently reported in national health and lifestyle surveys. 16 Multiple variables were included in our analysis; however, the potential for residual confounding cannot be excluded. Although standardized measures were used, self-report is a limitation for certain health measures such as obesity, where people tend to underestimate their weight and overestimate their height, leading to an overall underestimation of BMI and prevalence of obesity. 42 Similarly, self-reported diagnosed depression in the previous 12 months was not verified through physician interview and over-and underreporting is possible. In terms of diet, we only examined fruit and vegetable consumption.
Other constituents, such as unsaturated fat and protein that may Figures are weighted population estimates expressed in per cent (95% CI), unless otherwise indicated. a: High educational status classified using ISCED. b: Strong social support classified using OSS-3. *P-values from unadjusted logistic regression analyses. contribute to a healthy diet, were not collected. Physical activity items in GEDA were limited, and our measure was specific to sports activities. Our method of calculating multiple healthy behaviours has the advantage that a combined behaviour score can be quickly and easily summed, and the growing popularity of this approach 34 enables comparisons with other studies using similar methods. The combined score was based on previously validated questions and instruments. However, attributing equal weight to each behaviour may present an oversimplified approach, as particular health behaviours have greater effects on certain health outcomes; for example, smoking is closely related to cancer mortality, whereas physical inactivity is strongly associated with cardiovascular disease mortality.
14 However, taking a broad approach recognizes that health behaviours are usually highly correlated and using a simple pragmatic health behaviour score, may be more feasible in clinical or public health practice than more complicated algorithms. 13 Because of the cross-sectional nature of this study, we were unable to clarify the direction of the association between combined healthy behaviours and mental health. To better understand causal mechanisms and directions of associations, further prospective longitudinal cohort studies are required and are indicated from our findings.
Conclusion
Combined healthy behaviours including non-smoking, low-risk alcohol drinking, regular sport, maintaining normal weight and healthy fruit and vegetable consumption are associated with less FMD for both women and men and less self-reported diagnosed depression in women. These findings support further evaluation of approaches incorporating healthy lifestyles promotion in public health strategies to improve mental health.
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